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Abstract Past studies have independently shown associations of working memory and degree of handedness with episodic memory retrieval. The current study takes a step ahead
by examining whether handedness and working memory independently predict episodic memory. In agreement with past
studies, there was an inconsistent-handed advantage for episodic memory; however, this advantage was absent for working memory tasks. Furthermore, regression analyses showed
handedness, and complex working memory predicted episodic memory performance at different times. Results are
discussed in light of theories of episodic memory and hemispheric interaction.
Keywords Handedness . Working memory . Episodic
memory . Regression analysis
Episodic memory is a long-term memory system that is
unique to an individual and is based on past happenings, specific in time and place (Tulving, 1972, 1993). It is a widely
studied cognitive process assessed by tests of recall and recognition for previously learned material (Friedman &
Johnson, 2000). Theories of episodic memory retrieval, such
as the search for associative memory (SAM; Raaijmakers &
Shiffrin, 1981) and the retrieval context framework (Kahana,
Howard, & Polyn, 2008; Kahana, Howard, Zaromb, &
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Wingfield, 2002) suggest that episodic memory retrieval is
successful when an individual also retrieves contextual cues
that were used during the encoding phase Fig. 1.
These theories make an indirect reference to the role of
working memory (WM) as a facilitator during memory processes. Studies have shown that low WM capacity individuals
report fewer items at free recall, show more intrusions from
previous trials during a list-learning task, recall at a slow rate
(Unsworth, 2007) and are disorganized in their approach during the recall phase (Spillers & Unsworth, 2011). In both
incidental and intentional learning conditions, high WM capacity individuals performed significantly better (Unsworth &
Spillers, 2010) because of increased use of contextual cues
and maintaining the same cues during both encoding and retrieval processes (Spillers & Unsworth, 2011; Unsworth,
Brewer, & Spillers, 2011; Unsworth, & Spillers, 2010).
These behavioral findings show the role of WM in longterm memory processing. Neuroimaging studies show overlaps in the activation of prefrontal areas during WM and episodic memory retrieval tasks (Cabeza, Dolcos, Graham, &
Nyberg, 2002; Ranganath, Johnson, & D’Esposito, 2003).
This could imply that those brain regions perform important
functions that are relevant and required for both memory processes, such as maintaining and updating information, and
monitoring and selecting responses (Nyberg, Marklun,
Persson, Cabeza, Forkstam, Petersson, & Ingvar, 2003).
Thus, it appears that both WM and episodic memory share
some commonality making the two systems codependent on
each other.
From an individual difference perspective, age and gender
differences in WM and memory retrieval processes have been
extensively studied and reported in the literature. For instance,
older individuals show a decline in delayed memory recall
(Cabeza et al., 1997; Craik & McDowd, 1987; Kliegel &
Lindenberger, 1993). Increase in age is related to a decline
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Fig. 1 Performance across paired associates trials between handedness groups

in WM capacity (Dobbs & Rule, 1989; Salthouse & Babcock,
1991). A study by Myerson, Emery, White, and Hale, (2003)
found the presence of a curvilinear relationship between aging
and performance on the letter-number sequencing test (LNS)
of the Wechsler Memory Scale– Third Edition battery. They
proposed that in comparison to the digit-span performance,
LNS performance showed a greater decline with increased
age, probably due to a greater deterioration in executive functioning that underlies LNS performance. In terms of gender
differences, a female advantage in episodic memory retrieval
is predominantly reported (e.g., Geffen, Moar, O’Hanlon,
Clark, & Geffen, 1990; Herlitz, Nilsson, & Bäckman, 1997;
Herlitz & Rehnman, 2008; Hultsch, Masson, & Small, 1991).
However, there are mixed findings about the presence of gender differences in WM (Loring-Meier & Halpern, 1999; Lynn
& Irwing, 2008; Schmidt et al., 2009).
Recently, individual differences in interhemispheric interaction via the corpus callosum have been considered as another variable influencing episodic memory retrieval.
Specifically, degree of handedness has been used as a behavioral proxy for this variable, involving comparisons between
people who report using their dominant hand consistently
across tasks and people who report using their nondominant
hand for more than one common activity.
Christman and colleagues (Christman & Propper, 2010;
Prichard, Propper, & Christman, 2013) theorize that
inconsistent-handers are at an advantage during episodic
memory retrieval because, compared to consistent-handers,
inconsistent-handers have relatively greater access to the right
hemisphere and possess greater interhemispheric

communication. The theory is supported by neurological findings, such as the involvement of the left prefrontal areas during encoding of verbal information and right prefrontal areas
during retrieval of the same information (Tulving, Kapur,
Craik, Moscovitch, & Houle, 1994), and studies showing a
negative correlation between degree of handedness and volume of the corpus callosum, indicating significantly larger
callosal volumes with increasing inconsistent-handedness
(Habib et al., 1991; Luders et al., 2010; Witelson, 1985;
Witelson & Goldsmith, 1991).
Furthermore, electrophysiological evidence supporting the
association between inconsistent-handedness and greater access to the right hemisphere is provided by two recent studies.
Ashworth, Ciorciari, and Stough (2008) studied the relationship between a self-report measure of the psychological phenomenon of Bdissociation,^ a defense mechanism process
against psychological trauma that results in a disconnection
with one’s identity, memories, and perceptions about the environment and laterality measures of handedness and EEG
activity. They found that inconsistent-handers who scored
low on the dissociation scale (in other words, they reported
being connected with their experiences, memories, and environment) were right lateralized within the EEG beta band
across the frontal areas; this EEG parameter is normally reflective of active thinking, and alertness. Interestingly, consistent handers who scored low on the dissociation scale were
left lateralized on the same EEG spectrum. Propper, Pierce,
Geisler, Christman, and Bellorado (2012), showed a relation
between inconsistent-handedness and decreased EEG alpha
band activity (i.e., increased excitation/activation) over the

Mem Cogn (2016) 44:1149–1156

right hemisphere. In view of these findings, it could therefore
be speculated that inconsistent-handers possess greater volumes of the corpus callosum that aids in greater interhemispheric interaction and therefore in greater right hemispheric
processing, and this results in a significantly better recall of
episodic memories in inconsistent-handers relative to consistent-handers.
Studies have shown that inconsistent-handers have superior episodic retrieval of both lab-based (Chu, Abeare, &
Bondy, 2012; Lyle, Hanaver-Torrez, Hackländer, & Edlin,
2012) and real-world memories (Propper, Christman, &
Phaneuf, 2005), as well as better source memory (Lyle,
McCabe, & Roediger, 2008; Parker & Dagnall, 2010), fewer
false memories (Christman, Propper, & Dion, 2004), a greater
proportion of Bremember^ relative to Bknow^ responses in
recognition memory (Propper & Christman, 2004), an earlier
offset of childhood amnesia (Christman, Propper, & Brown,
2006), better memory for prior hand usage (Edlin, Carris, &
Lyle, 2013), better learning of foreign vocabulary (Kempe,
Brooks, & Christman, 2009), and better incidental learning
(Alipour, Aerab-Sheybani, & Akhondy, 2012; Christman &
Butler, 2011).
Based on the relations between both WM and handedness to
episodic memory retrieval, the current study was undertaken to
answer the following: a) Given that degree of handedness is
associated with enhanced memory retrieval, is there an underlying association between handedness and WM as well? We considered two WM tasks—digit span of the Wechsler Adult
Intelligence Scale–Fourth Edition (WAIS-IV; Wechsler, 2008),
a measure for immediate memory span, to represent simple
WM, because it possesses only the storage component
(Shelton, Elliott, Hill, Calamia, & Gouvier, 2009) that requires
maintaining information over a short period (Unsworth, &
Engle, 2007). A note about the digit-span task—it consists of
two components, forward and backward spans. Whereas forward span simply requires the recall of stimuli in the serial order
in which it was presented, backward span involves recall of
stimuli in the reverse order. It has therefore been suggested that
the backward condition is dependent on the phonological loop
and the central executive, which is reflected in the form of
greater activation of additional prefrontal and frontal areas bilaterally (Li, Qin, Zhang, Jiang, & Yu, 2012). Despite these evidences, several studies show that both spans significantly account for the storage component (Bowden, Petrauskas,
Bardenhagen, Meade, & Simpson, 2013; Shelton et al., 2009;
Wilde, Strauss, & Tulsky, 2004). In the current study, the two
components were analyzed separately to check for handedness
differences, if any.
The second WM task was the letter-number-sequencing
(LNS) test of the WAIS-IV, which is a standardized test to
measure WM. It is taken to measure complex WM, as it involves not only the storage component but also the manipulation component that requires the recruitment of additional
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cognitive resources (Aben, Stapert, & Blokland, 2012). The
LNS test shares a significantly moderate correlation (between
0.40 to 0.45) with laboratory-based WM tasks of operation
span, listening span, and the modified lag span (Shelton
et al., 2009). Although literature suggests that both the digitspan and LNS tests measure WM (Hill, Elliott, Shelton, Pella,
O’Jile, & Gouvier, 2010), there is evidence that the LNS also
depends on executive functioning, attention, processing
speed, and spatial abilities (Crowe, 2000; Egeland, 2015;
Haut, Kuwabara, Leach, & Arias, 2000). Furthermore, complex WM tasks are shown to be better predictors of higher
order cognitive abilities than are simple WM tasks (Bayliss,
Jarrold, Baddeley, & Gunn, 2003). In view of these reasons,
the two WM tasks were considered separately.
b) Given that both increased WM capacity and
inconsistent-handedness are associated with enhanced episodic retrieval, what is the nature of their relationship? Do both
predict episodic retrieval? Episodic retrieval in the current
study was examined by means of the performance on the
paired words test of the Wechsler Memory Scale–Fourth
Edition (WMS-IV; Wechsler, 2009).

Method
Participants
Data were collected from 210 undergraduate participants enrolled in an introductory psychology course in exchange for
extra credit. Three participants were excluded from the analyses because their ages were more than five standard deviations from the sample mean. Data from 207 (females = 119,
Mage = 19.18 years, SD = 1.36, age range = 18–27 years) were
considered for the analyses. The study protocol was approved
by the local internal review board (IRB).
Materials
Digit-span and the letter-number sequencing tests of the
WAIS-IV (Wechsler, 2008) were administered to measure
simple and complex WM, respectively. Verbal paired associates (VPA) test of the WMS-IV (Wechsler, 2009) was administered to assess retrieval at immediate (which consisted of
four trials) and delayed (i.e., after a gap of 12–16 minutes
following the immediate recalls) intervals. The standardized
procedures for these tests were followed.
Handedness was assessed using the Edinburgh
Handedness Inventory (EHI; Oldfield, 1971). The EHI is a
self-report measure that assesses hand preference for common
gross motor activities, such as writing, throwing, or using a
pair of scissors. Following the recommendations of Dragovic
(2004) and Edlin et al. (2015), we used a modified version of
the EHI, characterized by the following changes: BUsing a
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broom^ was replaced with Bcombing hair^; Bopening a box
lid^ was replaced with Bopening a jar^; and a 5-point response
scale was used, with the assignment of the following scores:
Always right (+10), usually right (+5), no preference (0), usually left (-5), and always left (-10).

Procedure
Participants were tested individually in a 30-minute session.
After signing the informed consent form, the standardized
measures were administered per the test protocol. The verbal
paired-associates test is a test of recall for word associations
and consists of 14 pairs of words (of which 10 pairs were
unrelated words). During the learning immediate-recall phase,
each pair was read by the experimenter at a rate of 3 seconds
per pair, and after listening to all pairs, the first word of each
pair was provided and the participant was required to recall the
second word. The learning of the word pairs took place over
four trials. The correct answer was provided in case the participant gave an incorrect response or no response. Delayed
recall for the test was taken after a span of 12 to 16 minutes
after the fourth trial of the immediate recall. This time gap was
used for administering the WM tasks (these were
counterbalanced) and the EHI.
For digit span, each number was read out loud at a rate of
one number per second. Two trials were presented for each
string of numbers. The maximum possible raw score on the
forward span is 9, whereas on backward span it is 8 (minimum
= 2 for both spans). In the letter-number sequencing task, a
series of alternating letters and numbers were read out loud at
a rate of one per second. Participants were asked to recall the
numbers and letters separately in an ascending order (e.g., the
participant was read the following series, 1-C-4-F-7-Z-2, and
was expected to report the stimuli in the following order: 1, 2,
4, 7, C, F, Z. Per the standardized version, recalling the letters
first and then the numbers was also accepted and scored accordingly). Each series of letters and numbers had three trials.
Successive series increased by one upon successfully completing the three trials (e.g., the series begins with two letters
and two numbers, followed by three letters and three numbers,
and so on). The maximum score that could be obtained on this
test is 30 (minimum = 3).
As practiced in past studies, handedness classification was
determined using the median-split method. Christman et al.
(2004) have defined inconsistent-handers as those scoring below the median score, whereas those who score above the
median are categorized as consistent-handers. Raw scores
were first converted into absolute scores and a median split
was determined. The median score was 80, and participants
were classified in the two groups—inconsistent-handers with
scores below 80 (n = 85), and consistent-handed with scores
of 80 and above (n = 122).
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Results
Statistical analyses were performed using IBM SPSS software
Version 21.0. All data were screened for outliers. Delayed
recall scores on the VPA were grossly skewed. This was the
case because of the ceiling effect in performance wherein a
majority of the participants show an above average rate of
recall. Given the nature of this data, raw scores in original
form (i.e., they were not log transformed) were utilized for
the analyses.
Episodic memory analysis: VPA
A 2 (handedness) × 2 (gender) × 6 (VPA trial: Trial 1 to 5 and
delayed recall) mixed ANOVA was conducted to examine the
main and interaction effects of individual differences and episodic memory. An interaction effect between handedness and
VPA trial was present, F(3, 540) = 3.276, p = .03, partial η2 =
0.016. Test of simple main effects were conducted to qualify
this effect. As seen in Table 1, inconsistent-handers showed
higher scores on the VPA but significantly differed from
consistent-handers on Trial 1, F(1, 205) = 5.41, p = .02, and
Trial 2, F(1, 205) = 6.87, p = .01. Handedness differences
were absent for Trial 3, F(1, 205) = 0.39, p = .53, Trial 4,
F(1, 205) = 1.58, p = .21, and delayed recall, F(1, 205) =
1.57, p = .21. Interaction effects were absent for gender and
episodic recall, F(3, 540) = 1.68, p = .18, partial η2 = .008, and
handedness, gender, and episodic recall, F(3, 540) = 0.62, p =
.59, partial η2 = .003. Significant main effects were present for
handedness, F(1, 203) = 4.29, p = .04, partial η2 = .02, with an
inconsistent-handedness advantage, and episodic recall, F(3,
540) = 830.31, p = .001, partial η2 = .804. Pairwise comparisons for VPA trials showed significant differences between
trials (p = .001), except in the case of difference between Trial
4 and delayed recall (p = .93).
Simple WM analysis: Digit span
A 2 (gender) × 2 (handedness) × 2 (span: forward vs. backward) mixed ANOVA was conducted to assess the roles of
handedness and gender on simple WM ability as assessed by
the digit-span forward and backward tasks from the WAIS-IV
battery. There was a significant main effect for digit span, F(1,
203) = 347.34, p = .001, partial η2 = .64, with digit-span
forward performance (M = 6.90) being significantly better
than backward performance (M = 5.31). Means and standard
errors of the test performance are presented in Table 1. Main
effects for gender, F(1, 203) = 0.44, p = .51, partial η2 = .002,
and handedness, F(1, 203) = 1.24, p = .27, partial η2 = .006,
were also not significant. Interaction effects were absent between digit span and gender, F(1, 203) = 0.68, p = .41, partial
η2 = .003, gender and handedness, F(1, 203) = 0.86, p = .77,
partial η2 = .003, digit span and handedness, F(1, 203) = 0.75,
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Table 1 Mean (SE) of the outcome variables used in the study factored
by handedness groups (N = 207)
Variables

Inconsistent-Handed

Consistent-Handed

DS-Forward

6.80 (0.12)

DS-Backward

5.25 (0.12)

6.94 (0.10)
5.36 (0.09)

Total LNS scores
Trial 1 VPA

21.55 (0.27)
6.92 (0.26)

21.67 (0.26)
6.10 (0.23)

Trial 2 VPA

10.89 (0.25)

9.96 (0.25)

Trial 3 VPA
Trial 4 VPA

12.27 (0.22)
13.25 (0.13)

12.08 (0.20)
12.98 (0.16)

Total VPA scores
VPA-Delayed recall

43.33 (0.72)
13.13 (0.16)

41.16 (0.70)
12.84 (0.16)

Note. VPA Verbal paired associates, DS Digit span, LNS Letter-number
sequencing, SD Standard deviation.

p = .78, partial η2 < .001, and digit span, gender, and handedness, F(1, 205) = 0.002, p = .96, partial η2 < .001.
Complex WM analysis: Letter-number sequencing
A 2 × 2 between-subjects ANOVA with handedness and gender as factors was conducted on LNS total scores. There was a
main effect of gender, F(1, 203) = 8.50, p = .004, partial η2 =
.04, with males (M = 22.14) outperforming females (M =
21.18) in complex working memory. Main effect of handedness, F(1, 203) = 0.43, p = .51, partial η2 = .002, and interaction effect between handedness and gender, F(1, 203) = 0.15,
p = .70, partial η2 = .001 were absent. Overall, handedness
differences were not present in WM tasks.
Regression analyses: Handedness, WM, and episodic
retrieval
Multiple regression analysis were conducted to evaluate whether
handedness and WM predict episodic retrieval. Performance on
Trial 1, total VPA scores and delayed recall scores were considered as the outcome variables representing episodic recall. These
Table 2

three variables were chosen because (a) VPATrial 1 is the purest
measure of immediate episodic memory because it does not involve the practice and repetition effects in subsequent trials, (b)
total VPA scores represent an aggregate measure of VPA performance overall, and (c) delayed recall represents a pure measure of
long-term episodic recall. Separate regression analyses were
therefore conducted using continuous absolute scores of handedness, digit-span forward and backward scores, and LNS total
scores as predictors. Correlations between the variables are presented in Table 2, and low to moderate correlations are present
between the predictor and outcome variables.
Results of the multiple regression analyses on the three outcome variables for episodic memory are summarized in Table 3.
Handedness was a significant predictor for trial one (p = .04) of the
VPA andthe model accounted for 5.3% of the variability in Trial1
performance, R2 = 0.053, F(3, 202) = 2.85, p = .03. The model
indicated that the lower the handedness score, the higher was the
recall on Trial 1. In other words, increasing inconsistenthandedness was significantly associated with greater recall of
word pairs when presented for the first time. Complex WM, as
measured by LNS performance, showed an emerging trend for
predicting Trial 1 performance; however, this narrowly failed to
reach significance (p = .06). Digit forward (p = .82) and backward
(p = .28) spans failed to significantly predict recall at Trial 1.
The full regression model accounted for 5.9 % of the variability in performance, R2 = 0.059, F(2, 202) = 3.16, p = .01.
Regression analysis on the total scores on the word pairs as the
outcome variable failed to find any handedness effect (p =
.12). LNS, or complex WM, was a significant predictor for
performance across trials (p = .05); however, digit forward (p
= .82) and backward (p = .28) were not significant.
Finally, none of the independent variables significantly predicted delayed recall, R2 = 0.03, F(2, 202) = 1.49, p = .21.

Discussion
The results of the current study can be summarized
simply: (a) no handedness differences were observed

Bivariate correlations between variables for the regression analysis (N = 207)

Variables

EHI score Digit span forward Digit span backward LNS total First trial (VPA) Total scores (VPA) Delayed recall (VPA)

EHI score
Digit span forward
0.10
Digit span backward 0.10
LNS total
0.06
First trial (VPA)
-0.13*
Total scores (VPA)
-0.09
Delayed recall (VPA) -0.04

0.40**
0.47**
0.10
0.12
0.10

0.46**
0.12
0.12
0.12

0.18**
0.20**
0.15*

0.79**
0.43**

0.77**

Note. EHI Edinburgh Handedness Inventory, LNS Letter-number sequencing task, VPA Verbal paired associates
* p = .05. ** p = .01.

-
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Summary of regression analyses for episodic recall using handedness and WM as predictors (N = 207)
Trial1 - VPA

Total scores - VPA

Delayed recall - VPA

Variables

B

SE B

β

B

SE B

B

B

SE B

β

Handedness
DS-Forward
DS-Backward

-0.02
0.02
0.12

0.008
0.19
0.19

-0.15*
0.01
0.05

-0.04

0.02

-0.11

-0.01

0.01

-0.06

0.12
0.61

0.53
0.56

0.02
0.10

0.16

0.08
0.053

0.16

0.48
0.059
3.16**

0.24

0.16*
0.029
1.49

0.04
0.11
0.07

0.12
0.13
0.05

0.03
0.07
0.10

LNS
R2
F

2.85*

Note. LNS Letter-number sequencing task, VPA Verbal paired associates.
* p < .05.; ** p < .01.

for either simple or complex WM tasks; (b) a significant inconsistent-handed advantage in episodic retrieval
was obtained using a paired-associates learning task,
replicating prior findings of inconsistent-handed advantages in episodic memory; and (c) regression analyses
indicated that WM capacity predicted episodic retrieval
during Trial 1, whereas inconsistent-handedness predicted episodic retrieval over trials.
Consistent with findings from past studies, a significant inconsistent-handed advantage in episodic recall
was found. These results may reflect that inconsistenthanders have a greater ability to retrieve explicit episodic information during recall than consistent- handers do
(Lyle et al., 2008; Propper & Christman, 2004). This
gains support from studies that show an inconsistenthanded advantage in increased source monitoring
(Christman et al., 2004), deeper levels of processing,
and/or better incidental learning (Alipour et al., 2012;
Christman & Butler, 2011). These findings are consistent with the idea that inconsistent-handers show a superior recall of episodic information, likely as a result
of greater interhemispheric interaction and increased access to the right hemisphere.
Behavioral findings do not show handedness differences in
immediate memory span, a measure of simple WM, and this is
in agreement with past studies with typical subjects (Gunstad,
Spitznagel, Luyster, Cohen, & Paul, 2007; Lyle et al., 2008).
In the present study, a complex WM paradigm was also used,
but it too did not yield handedness differences. It is noted,
however, that consistent-handers show nominally higher
scores for both simple and complex WM tasks.
The absence of an association between WM and
handedness may reflect the fact that verbal WM tasks
are predominantly left hemisphere lateralized (e.g.,
Nagel, Herting, Maxwell, Bruno, & Fair, 2013;
Wagner, Sziklas, Garver, & Jones-Gotman, 2009), and
although some studies have also shown a bilateral involvement, these are strongly attributed to the use of

visual strategies to remember the verbal WM material
better (e.g., Gerton et al., 2004; Haut et al., 2000).
Given that the handedness differences are presumed to
reflect differential access to right hemisphere processes,
it may be that the handedness groups do not differ in
access to left hemisphere processing.
There are factors that could be addressed in future
research. As discussed previously, digit span and LNS
are considered to represent simple and complex WM,
respectively. However, there is also evidence that shows
that the two tests share WM characteristics (e.g., Crowe,
2000). Future research may wish to consider a composite score representing WM. Although this could have
been attempted in the current study, the intent was first
to show if handedness differences indeed exist between
the two WM tasks, and if the three variables were in
any capacity contributing to episodic recall.
Given the current findings of the study, and in light
of past findings on handedness, WM, and episodic
memory, it may be concluded that there is an
inconsistent-handed advantage in episodic recall that is
not dependent on WM. The independent contribution of
handedness therefore needs to be considered in episodic
memory studies to better account for individual differences. It has been suggested that the handedness differences in episodic recall arise specifically at retrieval
(Christman & Propper, 2010). Although WM clearly
plays a large role in the encoding of episodic memories,
it also has been shown to play an important role in
retrieval (e.g., Unsworth, 2007) and source monitoring
(e.g., Lilienthal, Rose, Tamez, Myerson, & Hale, 2015).
This raises the question of exactly what retrieval processes are related to handedness versus to WM function.
Much of the past work on handedness and memory has
been primarily empirical, content to simply demonstrate
the existence of handedness differences. Studies like the
current one will be necessary to start fleshing out the
theoretical picture.
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